Brain derived neurotrophic factor (BDNF) is a neurotrophin probably concerned in the pathophysiology of obesity and metabolic syndrome (MS) in adults. The aim was to explore serum BDNF relationship with metabolic syndrome components before and after one-year of the lifestyle intervention program in obese children. Forty obese children and forty age and gender-matched lean controls were studied. Anthropometric parameters, blood pressure, fasting blood glucose, serum insulin, lipid profile, insulin resistance (HOMA-IR), and serum BDNF, before and after one year of diet control and physical activity were measured. At baseline, fasting glucose, insulin, HOMA-IR, cholesterol, LDL, triglycerides were significantly higher in obese children relative to controls (P=0.00). Serum BDNF concentration was significantly lower in obese children than in lean controls (P=0.00), and its mean concentration of the subjects with MS was significantly lower than those without MS, and control group (P< 0.001).Linear regression analysis suggested that high waist: hip ratio, body adiposity index, fat percentage, diastolic BP, fasting blood glucose, LDL and HOMA-IR are good predictors for decreased serum BDNF concentration in obese children. After one-year intervention program, the obese group showed a significant increase in serum BDNF, and HDL, paralleled by a significant decline in fasting glucose, insulin, HOMA-IR, cholesterol, LDL, triglycerides as compared to the baseline (P =0.00). Serum BDNF was lower in obese children than in lean controls, and seemed to be linked with the metabolic syndrome components. One-year lifestyle intervention program succeeded to enhance BDNF serum concentration in these children.
Obesity in children is a common national health issue, as 70 % of obese teenagers develop into obese adults 1 , which is associated with a clustering of cardiovascular risk factors, like visceral obesity, impaired glucose tolerance, high blood pressure, and dyslipidemia, that are collectively recognized as metabolic syndrome (MS) 2 . The increasing worldwide prevalence of obesity in the young pointed to the significance of MS diagnosis in children as a status of high risk for progression to later diseases [3] [4] . Metabolic syndrome constitutes 39.7% among obese Egyptian school students 5 .
The neurotrophin family including brainderived neurotrophic factor (BDNF) are considered as key players in the control of growth, survival, and preservation of neurons 6 . The brain is the main contributor to blood BDNF 7 . BDNF and its receptor are expressed in the hypothalamus [8] [9] and peripheral tissues such as smooth and skeletal muscle, liver, pancreas and adipose tissue [10] [11] . Noteworthy BDNF is considered the main constituent of the hypothalamic axis which governs body weight and plays a relevant role in regulating energy homeostasis, glucose metabolism and eating behavior through the central nervous system 12 .
Many studies have observed low serum concentration of BDNF in children, obese adults and in subjects with metabolic syndrome (MS) [13] [14] [15] . Other studies showed that serum BDNF increases during exercise, and musclederived BDNF enhances fatty acid oxidation in skeletal muscle in adults 7, 12 . However, Roth et al. 16 mentioned that serum BDNF concentration is higher in obese vs. normal weight children and no significant correlation between cardiovascular risk factors or insulin resistance and BDNF. To our knowledge, the association between serum BDNF concentration and metabolic syndrome in obese Egyptian children has not yet been investigated, and the alternations in serum BDNF concentration in obese children after lifestyle intervention are still unclear. Therefore, this study was tailored to evaluate serum BDNF concentration and to explore its relationship with metabolic syndrome components before and after one year of a lifestyle intervention program in obese Egyptian children.
Subjects and Methods Design and setting of the study
This descriptive comparative case-control study was conducted on 80 children aged 10-15 years. They were selected from the Child Health Outpatients' Clinic at the Center of Excellence, National Research Centre (NRC), Egypt.
Sample size
The sample size was calculated to assess the risk factors probably affecting serum concentration of BDNF in obese children. The sample size was calculated by using Open Epi sample size calculator. The calculation based on a confidence interval of 95%, power 80%, ratio of control to cases is 1, and the least extreme Odds ratio to be detected is 2.
Subjects
The participants in this study were divided into two main groups; forty obese children in group I, and forty apparently healthy lean subjects matched for age, sex and social class as controls in group II. According to the criteria of MS, group É was further divided into two groups (group Éa) consisted of twenty-two obese subjects who applies for the criteria of MS and (group Éb) included eighty obese individuals without MS. Metabolic syndrome was defined as age modified criteria with abnormal values of at least three of the five criteria; systolic or diastolic blood pressure, waist circumference, fasting glucose, HDL, and triglycerides 17 . Metabolic syndrome is taken into account in (1) children aged 6-10 years who are obese (defined as waist circumference (WC) e" 90th percentile) and have other relevant risk factors (such as family history of cardiometabolic disease) and in (2) children aged 10-16 years who are obese (defined as WC e" 90th percentile) and meet the adult metabolic syndrome criteria for triglycerides (TGs), HDL-cholesterol (HDL), blood pressure (BP), and glucose concentrations.
Criteria of selection
Obese patients were selected according to the inclusion and exclusion criteria. Inclusion criteria included children with simple obesity based on body mass index (BMI), defined as the weight in kilograms divided by the square of the height in meters (kg/m2) 18 . The age of the study group was between 10-15 years old, and their BMI was above 30. Exclusion criteria involved children with endocrinal and genetic causes of obesity, chronic diseases, antihypertensive medications and those used that affect lipid profile or glucose level. None of the children had premature adrenarche or syndromic obesity.
Standard protocol approvals and consents
This study was approved by the Research Ethics Committee of the NRC with the approval number of 18051. All studied subjects parents' provided signed written consent form obtained from the Medical Ethical Committee of NRC to participate in this research work before the enrollment of the study.
MethoDS
All cases and controls were displayed to a full history taking from their parents with particular emphasis on family history of obesity, as well as medical problems such as high blood pressure and diabetes mellitus.
Nutritional assessment
They were submitted to dietary history including the sort of food, eating, and physical activity behaviors. Dietary intake assessment was done for all participates. Three non-consecutive 24-hour recalls were recorded from the child's parents, two referring to weekdays and one to the weekend. The information was recorded in household measures servings and thereafter it converted into grams 19 .
Clinical examination and assessment of pubertal development
Clinical examination and blood pressure measurements were done for all participates. Blood pressure was taken after the child rested for 15 minutes in a sitting position, with an appropriately sized manual blood pressure cuff according to the method described by Williams et al 20 . Blood pressure was taken 3 times with 5 minutes between each measurement. Lowest BP was recorded and evaluated using the percentiles of the International Task Force for BP 21 . Pubertal development was assessed by direct physical examination according to Tanner staging for boys and girls [22] [23] .
Anthropometric measurements
All anthropometric measurements were performed, at baseline and one year after intervention by the same investigator, with the patient in light clothes and without shoes. The mean of the two determinations was used for all measurements. Anthropometric parameters included: weight (was measured using a calibrated digital scale to the nearest 0.01 kg), height (was measured to the nearest 0.1 cm using a calibrated stadiometer). The BMI for age z-scores were calculated based on data from the Centers for Disease Control and Prevention growth chart for age and gender. Waist circumference was measured to the nearest 0.1 cm at the umbilical level. Hip circumference was measured around the maximum extension of the buttocks; the reading was approximated to the nearest 0.1 cm. For both girls and boys, waist to hip ratio was calculated by dividing waist circumference by hip circumference. Of note, the waist: hip ratio over 0.96 for boys and 0.83 for girls is associated with an increased risk of developing diabetes and cardiovascular disease with obesity 24 . Body composition was determined using body composition analyzer (Computerized Holtain Body Composition Analyzer, UK, and Crosswell No. 646512) displaying body fat percentage (%), fat mass (kg), and body adiposity index (%).
Intervention and follow-up
Lifestyle modification with changes in dietary habits and physical activity is the primary intervention. After baseline analysis, a personalized balanced normocaloric diet adjusted by age using the nutrient density method 24 , was given to the parents of obese cases. The diet contained 15% of energy intake from fat, 15% from protein and 55% from carbohydrate (5% from sugar). An adapted exercise program with thirty to forty-five minutes of moderate exercise three times per week was negotiated. Finally, children were advised to reduce sedentary behavior (particularly television and video games) to less than two hours a day. Visits were programmed every 3 months during the 1-year period. After one year of follow-up, the same clinical, anthropometric and metabolic evaluations were repeated in the obese children.
Laboratory determinations
The participants in the case group were instructed not to consume any food or beverage, with the exception of water, after 10:00 pm, the night prior to blood collection at the baseline and after one year of the intervention program. The same instructions were given to the control counterparts prior to blood withdrawing. After an overnight fast, 5 ml venous blood samples were withdrawn from all participants and the separated sera were stored at "20°C. Fasting serum glucose and lipid profile were estimated by the colorimetric method using the Bio-diagnostic kit (Cairo, Egypt). Quantitative determination of serum BDNF concentration was performed using enzyme-linked immunosorbent assay ELISA kit obtained from Glory Bioscience, (USA) according to the manufacturer's manual.
Serum insulin level was measured using an ELISA kit purchased from Glory Bioscience (USA) under the guidance of the manufacturer. The Homeostasis Model Assessment of insulin resistance (HOMA-IR) was calculated as follows: [fasting insulin (µU/ml) ×fasting glucose (mg/ dl)]/405 [25] . Children were considered insulin resistant if they had a HOMA-IR score e"2.99 26 .
Statistical analysis
All analyses were carried out using the 
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Forty obese Egyptian children, 24 boys, and 16 girls were recruited in the study. Their ages of the participants are from 10 to 15 (13.35± 0.8; mean ±SD) years old. As expected, obese children have significantly higher BMI, BMI for age percentile and z-score compared to lean control counterparts (P<0.001). The mean waist, and hip circumferences, and the waist: hip ratios in the obese group are significantly greater than those in the lean control ones. Body fat percentage (%), fat mass (kg), and body adiposity index (%) in the obese group are significantly higher than those in the lean control group, while muscle mass was significantly lower than that in the lean control children. The obese children have a higher systolic and diastolic blood pressure than the lean control group. Serum BDNF concentration at baseline is significantly lesser in the obese group than in the lean control group (5ØCÜ< .001). The serum concentration of BDNF in the lean control and obese children are 8.08± 0.53 ng/ml, and 6.38± 0.76 ng/ml,respectively. The obese group also has lower HDL, and higher serum total cholesterol, triglycerides, LDL, insulin, and HOMA-IR values than the lean control group (5ØCÜ<0.001). Serum glucose in the obese group shows no significant difference compared to the lean control group (Table 1 ).
In the obese children, after one-year lifestyle intervention program, the mean body weight, BMI, BMI-percentile and BMI for age z-score, waist, and hip circumferences, and the waist: hip ratio are significantly diminished versus prior intervention. Additionally, after one year of the intervention program, adiposity measures as body fat percentage (%), fat mass (kg), and body adiposity index (%) are significantly diminished in the obese children versus prior intervention. Moreover, systolic and diastolic blood pressures are significantly dropped in obese children after one-year of lifestyle intervention program relative to prior intervention. Serum BDNF concentration (Figure 1) , and HDL are significantly up-regulated in the obese group with respect to prior intervention. The serum values of cholesterol, triglycerides, LDL, glucose, insulin, and HOMA-IR are significantly lowered relative to the baseline ( Table 2 ).
In obese children at baseline, fasting blood glucose, serum BDNF concentration, and total serum cholesterol are inversely correlated with waist: hip ratio, however, not correlated with BMI, weight, and BMI for age percentile, and z-score. Meanwhile, serum triglycerides are positively correlated with BMI and BMI for age (percentile, and z-score). Serum LDL cholesterol is positively correlated with weight for age, and BMI for age percentile. Serum insulin level is inversely correlated with weight for age percentile, BMI, and BMI for age (percentile, and z-score). Homeostatic (Table 3 ).
In obese children at baseline, serum BDNF concentration is positively correlated with muscle mass and inversely correlated with body fat percentage, body adiposity index, and diastolic BP. Homoeostatic model assessment for insulin resistance (HOMA-IR) is positively correlated with body fat percentage, body adiposity index, fat mass and diastolic BP and inversely correlated with muscle mass. Fasting blood glucose is positively correlated with body adiposity index and SBP. Triglycerides in serum are positively correlated with SBP, and DBP, while HDL cholesterol in serum is negatively correlated with DBP (Table 4 ).
In obese children at baseline, serum BDNF is positively correlated with HDL (r = 0.418, P < 0.005), and inversely correlated with serum LDL (r = -0.436, P < 0.001), fasting serum glucose(r = -0.765, P < 0.001), and HOMA-IR (r = -0.688, P < 0.01) ( Table 5 ).
The linear regression analysis of the data for the obese children at baseline demonstrates that high waist: hip ratio, body adiposity index, and fat percentage, diastolic BP, serum fasting blood glucose, LDL and HOMA-IR are good predictors for low serum BDNF concentration in obese children (Table 6 ).
In the current approach, only 22 of obese children are diagnosed with MS. The serum BDNF concentration of the obese group with MS is statistically significantly lower than that in the obese ones without MS, and lean control groups (6.04±0.73 ng/ml vs. 6.62±0.62 ng/ml vs8.08± 0.53 ng/ml; P < 0.001) ( Table 7) .
Eval uating the diagnostic performances of serum BDNF as a biomarker for obesity by calculating the area under the ROC curve is shown in Table (8) and Figure (3) . This analysis demonstrates that serum BDNF may detect obesity with the AUC of 0.880 (95% confidence interval [CI] 0.809-0.951, with a sensitivity of 80% and a specificity of 70% at a cutoff value of 7.70 ng/ml.
DISCuSSIoN
Childhood obesity may a condition of excess body fat that often accompanied by the onset of cardiovascular disorders, insulin resistance, and diabetes throughout the lifecycle, and its prevalence is increasing at an alarming rate throughout the globe. Also, childhood obesity accounted for chronic inflammatory ailment 27 . Brain-derived neurotrophic factor (BDNF) protects neurons from inflammatory events and plays a basic role in the central regulation of food intake and body weight [28] . However, little is known about the function of BDNF in children with obesity. No kinds of literature have been published about the link between serum BDNF concentration and accumulation of visceral fat in obese subjects and the alterations in serum BDNF concentration in obese children have remained obscure.
This work was designed to evaluate the burden of obesity on serum BDNF concentration in children. This is a one year longitudinal study in Egypt evaluating the association between serum BDNF concentration and metabolic syndrome components in children with obesity before and after a lifestyle intervention program.
In our study, as expected, obese children showed a significant elevation in BMI, BMI (percentile, and z-score), waist, hip circumferences, and waist: hip ratio. They revealed also a significant enhancement in body fat percentage, fat mass, and body adiposity index paralleled with significant low muscle mass. These findings go hand in hand with those of Labyak et al 29 , and El-Alameey et al 30 .
In the current research, the obese group experienced a significant decline in serum HDLcholesterol, accompanied by a significant elevation in fasting serum cholesterol, triglycerides, LDLcholesterol, insulin, and HOMA-IR values. These 32 , and Jenny et al 33 .
Decreased serum BDNF concentration is associated with hyperphagia and obesity 34 . In the present study, obese children displayed a significant reduction in serum BDNF concentration at the baseline. Our results are in compliance with the findings of Araki et al 36 , a Japanese study on obese children with a mean age of 10.3 years. This study demonstrated that plasma BDNF concentrations are significantly lower in morbidly obese children than non-obese children. These data are also consistent with another study involving 27 prepubertal obese children done by El-Gharbawy et al 14 who recorded lower BDNF circulating concentration in obese than normal weight children. In contrast to our study, Roth et al. 16 registered a significantly higher serum BDNF concentrations in obese vs. normal weight children. Our results are also inconsistent with the study of Jenny et al. 33 who observed that circulating concentrations of BDNF are significantly higher in the obese group compared to the lean group.
Up to our knowledge, no studies till now discuss the relation between serum BDNF concentration and body fat percentage, adiposity index, and fat mass in children. Despite BMI may be a good indicator for overweight. It is an indirect measure of fat mass. In the current study, serum BDNF concentration showed an inverse correlation with waist: hip ratio, body fat percentage, body adiposity index, but it revealed no correlation with weight, BMI for age and BMI for age percentile, and z-score. Our results converge with Corripio et al. 35 Fig. 1 . Comparison between obese children (before and after weight loss) as regards to serum BDNF concentration recorded a significant inverse correlation between the plasma concentration of BDNF and BMI z-score among obese children. In adult females, a significant positive correlation has been discovered between body weight and the changes in plasma BDNF 37 .
Turchiano et al 38 mentioned that BDNF is not correlated with systolic blood pressure (SBP) or diastolic blood pressure (DBP) in obese children. In the present research, serum BDNF concentration displayed an inverse correlation with diastolic blood pressure (DBP), but it exhibited no correlation with systolic blood pressure (SBP). Also, diastolic BP showed a positive correlation with serum insulin resistance, while SBP revealed a positive correlation with fasting blood glucose, and serum triglycerides levels.
In our study, serum BDNF concentration in obese children at baseline is positively correlated with HDL(r = 0.418, P < 0.005), and inversely correlated with serum LDL (r = -0.436, P < 0.001), fasting blood glucose (r = -0.765, P < 0.001), and HOMA-IR (r = -0.688, P < 0.001). There is no available data till now discuss the relation between serum BDNF concentration, fasting blood glucose, insulin resistance, and lipid profile.
In the current approach, only 22 of obese children are diagnosed with MS. The serum BDNF concentration in the subjects with MS revealed significant reduction as compared to that in subjects without MS, and control group (6.04±0.73 ng/ ml vs. 6.62±0.62 ng/ml vs. 8.08± 0.53 ng/ml; P < 0.001). Metabolic syndrome components are good predictors of low serum BDNF concentration in obese subjects. In obese children at baseline, linear regression analysis showed that high waist: hip ratio, body adiposity index, and fat percentage, diastolic BP, serum fasting blood glucose, LDL and HOMA-IR are good predictors to the decreased serum BDNF concentration in obese children. Our results disagree with those of Burns et al 39 , who reported that metabolic syndrome components are not good indicators for serum BDNF concentration in any of the calculated models, and serum BDNF concentrations at baseline do not correlate with any component of metabolic syndrome.
In this study, serum BDNF concentration at baseline showed a positive correlation with HDL, and an inverse correlation with serum fasting LDL, HOMA-IR, and glucose in obese children. These findings are congruent with Krabbe et al 40 who detected low serum concentration of BDNF in obese subjects, and a negative correlation between fasting blood sugar (not insulin) and plasma BDNF. In distinction to our results, they noticed no significant correlation between serum BDNF concentration and insulin resistance.
In the current study, according to the receiver-operating characteristics (ROC) curve, high serum BDNF concentration is a good predictor for obesity with metabolic complications. The analysis demonstrated that serum BDNF may detect obesity metabolic complications at cut-off values of 7.70 ng/ml.
In this study, the homeostatic model assessment for insulin resistance (HOMA-IR) is inversely correlated with BMI z-score, and waist: hip ratio. These findings are in the agreement with Wahrenberg et al 41 .
Weight loss due to exercise may cause a high serum concentration of BDNF. High BDNF may help in maintaining a reduced weight after intervention for obesity and may increase the oxidation of fat 42 . In obese children, the unaltered serum BDNF after one year intervention may also propose BDNF resistance in these subjects 43 .
The strength of this study stems from that it is a longitudinal study designed to seek out a relationship between serum clinical investigations similarly biochemical parameters of obesity and BDNF concentrations in children joining a program for weight reduction program including dietary changes and exercise. After one-year lifestyle intervention program in the form of reduced caloric diet and three hours physical activity per week, the mean body weight, BMI, BMI for age (percentile and z-score), waist, and hip circumferences, and also the waist: hip ratios are significantly depressed in obese children versus prior intervention. Moreover, adiposity measures as body fat percentage (%), fat mass (kg), and body adiposity index (%) are significantly reduced in obese children after one year of intervention program relative to prior intervention.
The main findings in the current study showing that serum BDNF concentration, and HDL cholesterol levels are significantly elevated in obese children after the intervention. The fasting serum levels of cholesterol, triglycerides, LDL, glucose, insulin, and HOMA-IR were significantly decreased after the intervention. These data are in harmony with the previous study of Suwa et al 42 who mentioned that BDNF concentration increases in obese prepubertal diabetic children who control nutritional intake, and their weight through sports. A study in adults reported by Araya et al 44 showed a rise in serum BDNF concentration after 3-month of a reduced-calorie diet and also the weight loss, as well as reduced adiposity are associated with the reduction of cholesterol, triglycerides, LDL, insulin, and insulin resistance. Han et al 34 found in obese children higher BDNF serum concentrations compared to lean ones.
Conclusively, BDNF displayed lower concentration in obese children as compared to the corresponding lean control children suggesting an association between fat mass and serum BDNF. These findings supported that BDNF represents a link between insulin resistance and obesity. Obese children in our study showed a high HOMA-IR index at baseline which revealed reduction after one year of the lifestyle intervention program. Also, the drop in the HOMA-IR index after the intervention is paralleled by the elevation of serum BDNF concentration in obese children. The outcomes of this study suggested that BDNF may play an important role in the pathogenesis of childhood obesity, and acts as a useful predictor for cardiovascular and metabolic risks in obese children. Therefore, quantifying BDNF concentration is considered as a useful tool in the early detection of obesity complications, and early treatment of childhood obesity.
